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(54) Method for driving a brushiess DC electric motor 



(57) A method of driving a direct current (DC) motor 
(2) of the brushiess type k>y means of an electronic 
driver circuit effective to estatslish a first (PWM) or a sec- 
ond (LINEAR) mode of operation and comprising 
means of detecting a switching in the electroniotive 
force (BEMF), characterized in that it comprises the 
steps of: 

starting the motor driving in the first mode (PWIVI); 
detecting the time period (Tc) between two successive 
swtchings of the electromotive force (BEMF); 



switching the driving step to the second mode (LINEAR) 
strictly for the time required to detect the actual switch- 
ing of the electromotive force (BEMF); 
switching again the driving nux^e back to the first mode 
(PWM). 

Advantageously, the duration of the first mode 
(PWM) is calculated as a percent fraction of the switch- 
ing time (Tc). 
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Description 

This invention relates to a method of driving a 
brushless DC motor. 

In particular, the invention relates to a method of s 
driving a direct cunent motor of the brushless type by 
means of an electronic driver circuit effective to estab- 
lish a first or a second mode of operation and compris- 
ing means of detecting a switching in the electromotive 
force. 10 

Prior Art 

The use of brushless dc motors Is gaining irx^reas- 
ing acceptance by reason of the small electric noise of is 
such motors. 

These motors generally come equipped with posi- 
tion sensors which are utilized for electronically switch- 
ing, via a driver circuit, the flow of current through the 
winding phases. so 

In other instances, it is possible to re-construct, by 
virtue of the electromagnetic forces induced by the rota- 
tion of the permanent magnet relative to the stator wind- 
ing (BEMFs). the electric signals due to such forces, 
and to utilize the zero crossings of these signals (BEMF ss 
zero cross) to determine the rotor position, tn this way, 
the switchings can be synchronized by means of such 
electric signals. 

Motors of the last-mentioned type include no posi- 
tion sensors (sensorless motors). so 

These motors are usually driven by a LINEAR type 
of current control, using integrated power circuits 
wherein the output stage which powers the winding 
phases comprises a full-wave three-phase bridge circuit 
having at least six MOS power transistors. 3S 

The motor current is controlled in a LINEAR man- 
ner by a transconductance feedback loop. 

The MOS power transistor associated with a given 
phase and functioning as a current source is brought to 
full conduction, i.e. to its saturation range of operation. 4o 
The MOS drain transistor associated with that phase 
functions instead as a transconductance element. 

For low-power applications, such as with hard disk 
readers Intended for computers having at most one or 
two disks driven by sensorless brushless motors which 45 
have smaller pickup currents than 1.5A and smaller 
steady-state currents than SOOmA, the aforemerrtioned 
transconductance loop provides one of the best solu- 
tions. 

However, for high-power applications, such as with so 
hard disk readers intended for computers having more 
than two disks driven by sensorless brushless motors 
which require larger pickup currents than 3A and larger 
steady-state currents than SOOmA, the previously 
described transconductance loop shows to be inade- ss 
quate both in terms of power dissipation and power 
drain. 



tn order to reduce power consumption in high- 
power applications, certain methods have been pro- 
posed as discussed herein below. 

A first solution provides enhanced power handling 
capability for the output stage of the integrated circuit 
through the use of a single. P-channel external MOS 
transistor of a discrete type. 

In that way, the output stage of the 10 would be 
operated at cutoff or saturation, with the transconduct- 
ance power loop control function being performed by 
the discrete external conponent. 

An inherent disadvantage of this solution is. of 
course, that an expensive discrete component is addi- 
tionally required. 

A second technical solution provides PWM control 
of the nxrtor cunent amplitude at the stages of motor 
startup or speed pickup: it being a well recognized fact 
that the power dissipation through the output stage of 
the integrated circuit mostly occurs at the motor startup 
or pickup stages. 

Thus, this technique proposes of switching the 
motor current control from a PWM (Pulse Width Modu- 
lation) rrxxle during the startup and speed pickup 
stages to a LINEAR mode upon the rotor attaining a 
predetermined nominal speed. 

In this way. a targe amount, perhaps as much as 
50%, of the power normally dissipated at startup or dur- 
ing the speed pickup stage can be saved. 

This is an efficient solution with systems which 
require small control currents for the motor torque at 
rated speed; the control being provided by the LINEAR 
transconductance loop. 

A third solution is available which is mainly adopted 
where comparatively large currents are needed to con- 
trol the motor torque at rated speed, in this case, the 
motor current would be controlled in the PWM mode 
both at startup and while running at rated speed to keep 
the internal power dissipation low and reduce power 
consumption. 

To appredate the disadvantages of this solution, 
the BEMFs (Back ElectroMotive Forces) should be con- 
sidered. As the electric generated signals correspond- 
ing to such electromotive forces cross a line of zero 
level, a BEMF zero cross condition is met. 

This crossing of the zero level line identifies a pre- 
cise position of the rotor relative to the stator. The best 
phase-switching position can be obtained from this 
information in terms of minimum torque ripple. 

The time lapse between successive zero crossings 
is called the switching period. Tc. ' 

An inherent disadvantage of the third solution just 
described is that the detection of the induced electro- 
motive force zero crossing (BEMF zero cross) must be 
enabled well apart from the current switchings produced 
by the PWM mode control, if noise induced by these 
switchings is not to yield false zero-crossing readings. In 
this way, however, the passages through tiie zero-level 
line may be detected at locations other than the real 
ones, resulting in the motor phases being switched at 
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less than optimum positions in terms of minimum output 
torque ripple! 

The underlying technical problem of this invention is 
to avoid detecting zero crossings at different positions 
from the real ones, while retaining the advantages of a s 
cun'ent control in the PWM mode. 

Summary o f the Invention 

The solutive idea on which this invention stands is 10 
one of providing PWM control, at the startup or speed 
pickup stages, by switching to linear control a suitably 
calculated time ahead of a zero crossing to be detected. 

This time is advantageously calculated as a fraction 
of the switching period Tc immediately preceding it. is 

After detecting a switch in the electronxjtive force, 
the mode is restored to PWM. 

The features and advantages of the method 
according to the invention will be apparent from the fol- 
lowing detailed description of an emtsodiment thereof, 20 
given by way of non-limitative example with reference to 
the accompanying drawings. 

Brief Descri ption of the Drawings 

25 

Figure 1 is a block diagram representation of a 
power output stage in a driver circuit for a brushless 
electric motor. 

Figure 2 is a schematic of a circuit block included in 
said driver circuit and being connected to inputs of the 30 
stage shown in Figure 1, the block being to generate 
switch signals for switching between two different driv- 
ing modes. 

Figure 3 is a schematic of the driver circuit including 
the power stage of Figure 1 . 35 

Figure 4 shows a set of graphs, plotted against the 
same time base, of signals present in the circuit of Fig- 
ure 3. 

Figure 5 illustrates the pattern vs. time of a voltage 
signal present at an output terminal of the stage in Fig- 40 
urel. 

Detailecl Description 

Referring to the drawings, and specifically to the 45 
example of Figure 3, generally and schematically shown 
at 1 therein is a driver circuit for a DC nrrator 2 of the so- 
called brushless type. 

The circuit 1 comprises a power output stage 3 of 
the monolith] cally integrated type and having a plurality so 
of output terminals, each connected to a respective 
phase of the motor 2. 

The internal construction of the stage 3 is shown in 
greater detail in Figure 1. and no detailed description of 
it will be given herein, in view of an integrated circuit ss 
identified as part L6232B manufactured by this Appli- 
cant and a covering handbook being available. 



The stage 3 has three output terminals A, B and C 
connected downstream from corresponding half -bridge 
driver circuits which comprise MOS power transistors. 

The stage 3 includes all of circuitry needed to drive 
the motor 2 in either the PWM (Pulse Width Modulation) 
and LINEAR modes. 

The switching between these two modes is estab- 
lished by the lower of two input voltage values, PWM- 
Vref and UN-Vref. applied to respective input terminals 
17 and 18 of the stage 3. 

These voltages are generated on respective out- 
puts of a selector 40 vt^ich is input two discrete signals. 
PLLOUT and MODE. The first input signal is output 
from a block PLL, and the second input signal is output 
from a flip-flop type of storage element SRI having set 
and reset inputs. 

Shown in Figure 2 is the internal construction of the 
selector 40. which comprises basically a pair of elec- 
tronic switches 41 and 42 being connected to each 
other and both controlled to dose by the signal MODE. 

Coming back to the stage 3. it can be seen that the 
voltage at the inputs 1 7 and 1 8 produces an error signal 
which is used internally to regulate a current Im for sup- 
ply to the motor 2. 

In both the PWM and LINEAR modes, the current 
Im is expressed by the following: 

Im = Vref^(Gv*Rs) 

where: Vref is a control voltage output from a block PLL 
of the circuit 1 ; Gv is the voltage gain of a sense ampli- 
fier 45 of the stage 3; and Rs is the value of an external 
resistive sensor connected to output terminals 5 and 9 
of the stage 3. 

In the LINEAR mode, the current Im is regulated by 
a transconductance loop, generally shown at 30, which 
drives MOS power transistors, denoted by L in Figure 1 , 
via a multiplexer MPX. 

On the other hand, in the PWM mode, as the cur- 
rent Im attains a predetermined value, MOS power tran- 
sistors denoted by U in Figure 1 are turned off for a time 
period Toff. A detecting circuit TOFFDECT, connected 
to the stage 3. conveniently determines the off state of 
such transistors U. 

The output from this detector TOFFDECT is 
applied, through a logic gate AND1 , to a pulse genera- 
tor OS1 which is connected upstream of the storage 
element SR1 of the flip-flop type. 

Specifically, the output of the generator OSl is con- 
nected to the reset input of the storage element SR1. 
which receives on its set input a signal from a second 
logic gate OR1 having two inputs respectively con- 
nected to an output of a starting circuit (START UP) 38 
and to an output of a detecting circuit 35 to be 
described. 

This output from the detecting circuit 35 is also 
applied to a counter PWMCOUNTER whose output is 
connected to the secorxl input of the first logic gate 
AND1. 
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A second output of the circuit 35 is connected to a 
delay block 39 connected serially to a sequencer 37 
which is connected. In turn, serially to a decoder 36 
whose outputs are applied to the power stage 3. 

The detecting circuit 35 is connected directly to the s 
outputs of the stage 3, namely the same outputs from 
which the motor 2 is driven, and comprises, in series, an 
electromotive force sensor BEMF SENSE, a digital filter 
DIGITAL MASKING, and a further detector ZERO 
CROSS DETECTOR for detecting zero crossings by the io 
electromotive force BEMF. 

The method of this Invention is primarily dependent 
on determining the switching time Tc between two suc- 
cessive zero crossings by the con-esponding signal to 
the electromotive force BEMF. is 

US Patent No. 5.231.338 discloses a method of 
measuring the time Tc which can be used to also deter- 
mine the time length of a so-called masking period 
required to filter the signals BEMF after a phase switch- 
ing and to detect the actual location of the signal BEMF 20 
zero crossing. 

With the switching period Tc between two previous 
crossings measured by a counter being known, the 
arrangement described in the above patent can predict 
with great accuracy the time of the next crossing of the 2s 
zero line. 

This also applies to the startup stage, when with the 
motor still at a slow pickup speed, two successive val- 
ues of Tc are bound to differ little from each other. All of 
the subsequent steps of detecting the actual position of so 
zero crossing would be synchronized to the period Tc. 

The method of this Invention uses a similar principle 
to that disclosed in the above patent In particular, this 
method distinguishes itself by that the change from the 
PWM mode over to the LINEAR mode is effected in a 35 
synchronized manner to the time period Tc. 

Referring in particular to Figure 3 and the graphs in 
Figure 4, the method of this invention will now be 
described in greater detail. 

The PWM driving mode is set at the motor 2 star- 40 
tup, when a startup procedure would be earned out by 
the block START UP 38. 

Throughout the discussion to folbw, PWMTIME will 
denote the time period when the PWM mode is enabled. 
During this period the sw'rtching from the PWM mode to 45 
the LINEAR mode is enabled. 

T_ZC_MASK Is the masking period, during which 
the electromotive force switching detector 35 (BEMF 
zero cross detector) is disabled to mask off the switch- 
ing noise during the change from the PWM mode to the so 
LINEAR mode. 

PERI is the percent fraction of the period Tc when 
the PWM mode is enabled but the switching from the 
PWM mode to the LINEAR has not yet been enabled. 
This a value which can be programmed by the user. ss 

PER2 is the percent fraction of the period Tc when 
the electi'omotive force switch detector 35 (BEMF zero 
cross detector) is disabled. This is also a value which 
can be programmed by the user. 



Now, the period Tc of the last switching of the star- 
tup procedure can be measured as described, for 
example, in US Patent No. 5.231.338, and the following 
values can be obtained based on this: 

PWMTIME = PERI *Tc 
T_ZC_MASK « PER2*Tc. 

In Rgure 4, the period Tc is denoted by T1 , and the 
periods PWMTIME and T_ZC_MASK are denoted by 
T2 and T3. respectively. 

On the time period PWMTIME having elapsed, the 
PWM mode to LINEAR mode switching is enabled- This 
switching is set by the leading edge of a signal TOFFEN 
output from the detector TOFFDECT and whose pattern 
is shown in Figure 4. 

On expiration of the time period T_ZG_MASK. on 
the other hand, the electromotive force zero crossing 
detector 35 (BEMF zero cross detector) is enabled. 

At the very time when a switching occurs through 
the zero line and a new period Tc commenced, the val- 
ues PWMTIME and T_ZC_MASK are recalculated and 
the PWM mode is enabled once again. 

Hie startup block sets the PWM mode by means of 
a pulse PWMSET1 which is applied to the storage ele- 
ment SR1 via a second logic gate OR1 . 

The PWM mode is set immediately after each 
switching of the electromotive force across the zero line 
by supplying a second signal PWMSET2 to the storage 
element SRI, again via the second logic gate ORI. 

Meanwhile, the counter PWMCOUNTER, as pre- 
loaded with the value PER" obtained from the preceding 
switching time Tc, initiates a counting step. 

Upon tiie counter reaching the value PWMTIME, 
the LINEAR mode is set, bringing the signal UNEN to a 
logic high. 

In addition, as the signal TOFFEN is also brought to 
a logk: high, the logic gate AND1 enables the block OS1 
to reset, by a signal LINSET. the storage element SR1 
and complete the switch to the LINEAR mode. 

Upon the counter PWMCOUNTER reaching the 
value T_ZC__MASK, the switching detector 35 is ena- 
bled by a signal ZGEN. 

The time period PER1*Tc can also be defined 
when the change from the PWM mode to the LINEAR 
mode is yet to be enabled: while the value (PER2- 
PER1 )*Tc is the time required to mask off the switching 
noise in the transition between the two modes of opera- 
tion. 

As soon as a new switching of the electromotive 
force BEMF is detected, the PWM mode is set again on 
the set input of the storage element SR1 by means of 
the signal PWMSET2. The counter PWMCOUNTER is 
reset and the count cyde repeated. 

The signal TOFFEN only synchronizes the PWM to 
LINEAR mode switching during tiie off period Toff, that 
is as the current is flowing again, thereby provkling a 
reduced current transient 
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The method of this invention does solve the techni- 
cal problem, and affords a number of advantages first 
among which is undoukstedly the fact that the motor 2 is 
operated in the PWM mode for most of the time, with 
reduced power drain and reduced power dissipation. 

Switching to the LINEAR mode only occurs for a 
predetermined short time before the electrorrwtive force 
8EMF is switched over. The actual point of zero cross- 
ing during the electromotive force switching is detected 
accurately, thereby improving the system performance 
in terms of accuracy and consistency of the motor rota- 
tional speed. 

Also, no special circuits are required to mask the 
electromotive force switching detector during switchings 
brought about by the motor current control in the PWM 
mode. 

Claims 

1 . A method of driving a direct current (DC) motor (2) 
of the brushless type by means of an electronic 
driver circuit effective to establish a first (PWM) or a 
second (LINEAR) mode of operation and compris- 
ing means of detecting a switching in the electro- 
motive force (BEMF). characterized in that it 
comprises the stepe of: 

starting the motor driving in the first mode 
(PWM); 

detecting the time period (Tc) between two 
successive swtchings of the electronrxrtive 
force (BEMF): 

switching the driving step to the second mode 
(LINEAR) strictly for the time required to detect 
ttie actual switching of the electromotive force 
(BEMF); 

switching again the driving mode back to the * 
first mode (PWM). 

2. A method according to Claim 1. characterized in 
that the duration of the first mode (PWM) is calcu- 
lated as a percent fraction of the switching time 

(Tc), 

3. A method according to Claim 1. characterized in 
that the electronxrtive force (BEMF) swvitching 
detection step is masked off for a time period 
(T_ZC_MASK) which is calculated as a percent 
fraction {PER2) of the switching time (Tc), thereby 
to have the switching noise masked off. 

4. A method according to Claim 1. characterized in 
that the switching from the first mode (PWM) to the 
second (LINEAR) is synchronized during the off 
period (TofQ of the first mode (PWM). 
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5. A method according to Claim 1, characterized in 
that the first mode (PWM) is set immediately after 
each switching of the electromotive force (BEMF) 
across the zero line. 
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